Abstract The aim of this study was to perform a preliminary assessment of the hydrochemical and microbial groundwater quality of the Merdja plain (Tébessa area). Twenty samples of groundwater collected from Bekkaria (Site 1) to Ain Chabro (Site 2) were assessed for their suitability for human consumption. Groundwater from the aquifer in the Merdja area can be divided into two major groups according to geographical locations and chemical compositions. Water in the center part of the study area is characterized by the dominance of chloride, sulfate, sodium, and potassium; whereas waters in the limestone aquifers in the west are dominated by the same cations but have higher concentrations of bicarbonate. Microbiological parameters were determined in 13 groundwater samples collected from the study area. Total coliforms, thermotolerant coliforms, E. coli, Enterococcus spp., Salmonella sp., Staphylococcus spp., and P. aeruginosa were detected in 96. 36, 88.18, 100, 47.5, 97.27, 96.7, and 75 % of the groundwater samples, respectively. The pollution of groundwater comes from a variety of sources, Ouadi El Kebir River, including land application of agricultural chemicals and organic wastes, infiltration of irrigation water, septic tanks, and infiltration of effluent from sewage treatment plants, pits, lagoons, and ponds used for storage.
Introduction
Water dissolves minerals present in soil and rock portions during its flow, which deteriorates groundwater quality by natural processes of geogenic origin. In the Merdja area, local population largely depends on water from shallow aquifer. Agricultural activity and untreated domestic wastewaters cause a degradation of a quality of groundwater . Contaminants can easily reach the groundwater through soils and are rapidly transported over large distances (Vu Thi Minh et al. 2006; Masoud Eid Al-Ahmadi 2013) . On the other hand, because of the recent globalization, a number of industries are coming up to establish their activities in the country. As most of the industries are not adhering to the strict environmental norms, the industrial activities can overtake the impacts of agricultural practices and municipal waste waters on groundwater quality, leading to severe groundwater pollution. Pollution not only affects water quality but also threatens human health and socioeconomic development. Assessment of groundwater pollution is, thus, an important aspect for proper civilization and also for development of database for future planning of water resources developmental strategies (Subba Rao 2012) . In view of this, tracer tests, hydrochemical and microbiological investigations are suitable methods for providing a scientific basis for the development of sustainable groundwater protection schemes (Bably Prasad et al. 2014; Bakalowicz 2005) .
The application of these techniques requires considerable financial, logistic and technical efforts including wells monitoring and sampling, cooling and transport of the samples, and sophisticated analyses in microbiological and hydrochemical laboratories. In rich countries, these facilities are usually available. In developing countries and remote areas, however, such investigations are a challenge and require special methodological adaptations.
The study area is near the city of Tebessa in eastern Algeria, is among the poorest and remotest regions in the country (Fig. 1) . This area lies in the semiarid region of Algeria and is susceptible to the various threats which surround both growing urban areas as well as developing agricultural areas. The city of Tebessa and the -surrounding villages (Bekkaria, Hammamet) have seen a great deal of growth in the past decade, with the establishment of new industries and farms.
The purpose of this study is twofold. The first is to study the hydrogeological regime in this area -with the help of chemical and isotopic data. Such studies can help constrain hydrogeological regimes which are poorly covered by water-level data. The second purpose is to evaluate the present status of water quality in the area. This will help both in present water resource planning in the area as well as provide a baseline for future water quality evolution studies. The Tebessa area straddles two groundwater level aquifers; the limestone aquifer, and the alluvial aquifer. In general, the shallow groundwater in Merdja area is found in the alluvial fan deposits from plioquaternary age (Fig. 2) . This aquifer is overlying geologic formations consist of cenomanien marly layers and form aquicludes. The recharge to the aquifer takes place in the highlands of Dyr, Bouroumane from east, and Doukkane from the west.
Climate and precipitation
Annual precipitation in the study area ranges between 200 and 350 mm, and thus the area is considered to be a semidesert area. Temperatures can rise in the summer to 45°C. This situation of dryness accentuates the drawdown of water resource especially during the last decade because the renewal of this resource is very weak.
The dry climate, the atmospheric dust, and low intensity of precipitation can also affect the groundwater quality generally causing increased salt content.
Geological and hydrological setting
The geology of study area was studied by several authors Blés and Fleury (1970) , Vila (1980) . The micropaleontologic and biostratigraphic analysis has showed that from the stratigraphic point of view, the study area covers the plio-quaternary tectonic depression of Tebessa. This depression separates the highlands of Dyr situated in the North from the one of Doukkane and Mestrie highlands in the South.
The study area is constituted in the major part by cretaceous formations (Fig. 2) , forming a series of anticlines and synclines. The stratigraphic sequence is presented in the form of alternation of carbonated formations of limestones, marly limestones, and argillaceous marls.
The plio-quaternary and quaternary terrains occupy the central part; they are consisted by actual and recent alluvial deposits, conglomerates, gravels, sandstones.
The summary analysis of the stratigraphic column of the study area shows the presence of three aquiferous formations among them the formation of plio-quaternary one. This aquifer of great extension occupies the major part of the tectonic depression, limited at the West and at the East by two great faults of NW-SE orientation. It is consisted very varied deposits such as, alluvial fans, silts, calcareous crust, conglomerates, and gravels. This aquifer plays an important role in the supply of drinking water for the inhabitants of this area .
A L G E R I A

Hydrochemical data
Sampling and analysis
Water samples from 20 c aquifers were collected ( Table 1 ). The temperature, conductivity, and pH were measured in the field. Bicarbonate was measured by titration to the methyl orange endpoint. Chloride was determined by titration and precipitation of AgCl until silver chromate appears. Sulfate was determined by precipitation of BaSO4 and then measuring the absorbency with spectrophotometer. Cations were determined using atomic absorption spectrophotometry. Microbiological parameters were determined in 13 groundwater samples collected from the study area. Microbiological analyses usually require sterile water sampling, cooling of the samples, and rapid transport to a microbiological laboratory (Hurst et al. 2002) . In a poor and remote area like Merdja area, such procedure is nearly impossible. Therefore, the portable water testing kit OXFAM-DELAGUA (2004) was used. This equipment is designed to test for the critical parameters specified in the WHO guidelines (2004) . The testing kit can be used to analyse for different types of indicator bacteria by varying the cultivation conditions, i.e., the growth medium, incubation temperature, and time. In the study area, the samples were analyzed for thermotolerant coliforms (TTC), as these are considered to be of high sanitary significance (WHO 2004) . According to the WHO standards, thermotolerant coliforms must be absent in a 100-ml water sample.
The first step of the analysis is to pass a defined water volume through a sterile filter, which is then placed on a paper pad soaked in liquid growth medium. After 16-18 h of incubation at 44°C, the colonies are counted. The result is given in TTC/ml, sampling volumes between 1 and 100 ml can be chosen dependent on the bacteria content.
To minimize counting errors, each water sample was analyzed at least in two different volumes. The sampling strategy for the microbiological investigations was the same as described for the hydrochemical sampling.
Analysis of the groundwater regime is done using three approaches. The various chemical characteristics were mapped and the spatial distributions of these characteristics were compared with a piezometric map. Thermodynamic equilibrium models were carried out using PHREEQE (version 2.10) and saturation index was calculated with respect to several minerals such as calcite, aragonite, dolomite, halite, and gypsum. Finally, the waters were evaluated based on various drinking and agricultural water criteria including total hardness, salinity hazard, and sodium absorption hazards. The following discussion will (Hammamet Fig. 2 Geological map of the study area. illustrate the significance of these results in the context of water types, movement, and pollution.
Results and discussion
Water type
The water types in the area of study were determined based on their chemical composition. Chemical analyses were plotted on a trilinear diagram (Fig. 3) . Waters in the western part of the study area are characterized by the dominance of chloride, sulfate, sodium, and potassium, whereas water in the eastern part of the study area is dominated by the same cations but have relatively higher concentrations of bicarbonate. Several maps were drawn for each chemical constituent that were analyzed in the water taken from production wells. Figure 4 shows the distribution of the chloride, in the study area. The highest concentrations of this anion seem to show local pollution with large distances from any obvious pollution sources such as waste dumps or waste-water treatment plants. Hydrochemistry analysis indicates a high nitrate concentrations (discussed in the following), indicating that agricultural seepage is responsible for water quality degradation.
Groundwater movement and evolution
Two piezometric highs are recognized in the study area (Fig. 5 ). One has a static water level of 861 m and is located near Bekkaria. The second is in the west of the study area and has a static water level of 831 m at the El Hammamet. The piezometric map suggests that the direction of groundwater movement must be moving as shown in Fig. 4 from the east towards the center in one path and the other path is from the western part towards the center part.
Groundwater movement shows that the Merdja plain is subsidized in two hydrogeologic aquifer systems; at the east, this system is recharged through carbonate outcropping from Bouromane highlands and in the west part, this aquifer system has a direct alimentation from Meastrichtian fracturated limestone.
Water quality
The purpose of this section is to characterize the waters for both domestic as well as for irrigation purposes. Water was classified in Table 3 based on total hardness according to the classification of Sawyer and McCarty (1967) .
Hardness is indicated from the presence of divalent metallic cations of which calcium and magnesium are the most abundant in groundwater. These ions react with soap to form precipitates. Hard water is unsatisfactory for household cleaning purposes, hence, water-softening processes for removal of hardness are needed (Todd 1980) . Total hardness is calculated through the following equation (Todd 1980) TH = 2.5 Ca (mg/l) ? 4.1 Mg (mg/l) It was observed that the examined water samples collected from wells were found to be hard, except the well M2 which is located in the eastern part of the area studied. This water sample is classified as very hard water. Nitrates in drinking water are a major contaminant . They are nowadays frequently found in aquifers. In arid and semiarid regions, sources of nitrates in groundwaters have either been linked with direct anthropogenic pollution in towns or with leaching of fertilizers in agricultural areas. Nitrate (NO3 -) concentrations of the phreatic waters (Table 1) The presence of high nitrate concentrations in the phreatic waters is not only the direct consequence of a massive usage of artificial fertilizers, but is also a consequence of contamination by domestic septic tanks. The latter is unfortunately favored by the absence of a sanitation network in the whole region and where more than 800 septic tanks are in use. This fact contributes to the nitrification of groundwaters according to the process.
Nitrate concentrations vary between 18 (sample P11) and 120.1 mg/l (sample P18). The highest concentrations were found in the middle and the west part of the study area (Fig. 6) ; however, lowest concentrations are located in the eastern part (Bakkaria zone).
Irrigation in the area uses groundwater exclusively, which explains the high nitrate concentrations. In the center part, wadi El Kebir is probably responsible for elevated nitrate concentrations in its immediate vicinity.
The suitability of groundwater for irrigation is contingent on the effects on the mineral constituents of the water on both the plant and the soil ) Salts may harm plant growth physically by limiting the uptake of water through modification of the osmotic processes, or chemically by metabolic reactions such as those caused by toxic constituents (Todd 1980) . Sodium concentration is important in classifying irrigation water because sodium reacts with soil to reduce its permeability. Soils containing a large proportion of sodium with carbonate as the predominant anion are termed alkali soils; those with chloride or sulfate as the predominant anion are saline soils, ordinarily, either type of sodium-enriched soil will support little or no plant growth (Todd 1980) . Sodium content is usually expressed in terms of percent sodium defined by the relationship:
where the concentrations of the constituents are expressed in milliequivalents per liter. In Table 2 , the analysis of waters was classified based on the divisions proposed by Wi1cox (1948) . The sodium adsorption ration (SAR) is also used here because of its direct relation to the adsorption of sodium by soil. It is defined by the following equation (Todd 1980) :
where the concentration of the constituents is expressed in milliequivalent per liter. The sodium adsorption ratio was plotted on the U.S.A. salinity laboratory diagram (Fig. 7) . Table 2 shows the water classes according to the SAR method. The waters were found mostly confined in four classes of water type; i.e., C3-S2, C2-S1 and C3-S1 and C4-S2 which has medium to very high salinity hazards and low to medium sodium alkalinity hazards.
Microbiology
Microbiological parameters were determined in 13 groundwater samples collected from the study area (Table 3) . Total coliforms, thermotolerant coliforms, E. coli, Enterococcus spp., Salmonella sp., Staphylococcus spp., and P. aeruginosa were detected in 96.36, 88.18, 100, 47.5, 97.27, 96.7 , and 75 % of the groundwater samples, respectively. The pollution of groundwater comes from a variety of sources, Ouadi El Kebir River, including land application of agricultural chemicals and organic wastes, infiltration of irrigation water, septic tanks, and infiltration of effluent from sewage treatment plants, pits, lagoons, and ponds used storage.
Water-rock interaction process
Interaction between groundwater and surrounding host rocks is believed to be the main process responsible for the observed chemical characteristics of groundwater in the Merdja plain. Evaluation of such process requires the description of the mineral assemblage of the rocks in which water is found, and the identification of chemical reaction responsible for the geochemical evolution of groundwater. From available studies in the literature (Drever 1997 Two approaches, mathematical and graphical, are used for the resolution of hydrogeochemical problems. The mathematical approach is often used for the calculation of saturation indices of groundwater with respect to mineral phases, thus providing some indication upon the equilibrium stat between groundwater and the surrounding mineral rock assemblages. Several geochemical programs have been developed for such calculations. The graphical approach describes the stability fields of minerals in equilibrium with groundwater, in terms of the activity ratio (on a log scale) of ions in groundwater (Plummer et al. 1976) have been developed for such calculations.
In the present study, saturation indices (SI) with respect to carbonate (calcite, dolomite, and aragonite) and evaporite (gypsum, anhydrite) minerals, as well as activities of soluble species, were calculated using the computer chemical program WATEQF written by Plummer et al. (1976) . Because all the investigated groundwaters were very low in total dissolved loads, the expression of Deby and Huckel (1923) was used for the computation of coefficient activities. Figure 8 shows the poles of SI against total dissolved solids for all investigated groundwater. In the following discussion, we may assume that the SI values falling within the range of ±0.5 units from zero indicate the equilibrium state. All of considered groundwaters are saturated with respect to calcite and most of themes are undersaturated with respect to dolomite and aragonite (Fig. 8c, d , e) indicating a dissolution phase especially for dolomite (logKs = -17.09 in WATEQ).
On the other hand, groundwater samples found to be undersaturated with respect to evaporates minerals (gypsum and anhydrite), suggesting that these evaporite mineral phases are absent in the corresponding host rock.
Conclusions
This study has thrown light on both the hydrogeological regime of the Merdja area as well as on the status of the water quality in the study area.
Salinity and nitrate build-up at some locations seems to be related to the use of nitrate fertilizers in the farms of the area, although some pollution may be attributed to the effluent of the industrial zone. Microbiological contamination of groundwater probably results from agricultural activities and untreated domestic wastewaters.
